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® This invention is directed to an electric vehicle 
which has motor wheels adapted to fulfil the func- 
tions of the direct-drive type system. The motors are 
each of the outer rotor type in which a central hub 
(8) Is mounted on a knuckle (6). A wheel disc (5) is 
^rotatably mounted on hub. The electric motor rotor 
^(14) is fixed to the wheel disc and the stator (21) is 
fixed to the hub. The motor wheel assembly is 
(V) simple to assemble, maintain and Inspect as the 
O motor parts are fixed to the hub and wheel disc from 
ji^the out-side. Air flow current regulating covers (61) 
(V)are provided to introduce ambient air for cooling the 
CO motors and alleviate the air resistance. Batteries and 
Q control d vices are disposed symmetrically relative 
to the axial line of a vehicle body and relative to 
^ axial lines of axles so as to reduce and uniformly 



UJ 



distribute' the weight on vehicle body. All these de- 
vices contribute jointly to increasing the range of the 



electric vehicle. 
FIG. 2 
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ELECTRIC VEHICLE 



This invention relates to an electric vehicle 
which Is provided with direct-drive and outer-rotor 
type motor wheels adapted to be directly rotated 
by a motor. 

In recent years, the electric vehicle using bat- 
tery electricity as a power source and a motor as a 
drive source has been attracting attention because 
of such merits as low air pollution, low noise, and 
easy control, etc. 

The conventional electric vehicle Is of the dou- 
ble driven axles type in which the drive for each 
axle is independently derived from the motors. For 
the purpose of ensuring smooth and accurate per- 
formance of such operations as transmitting the 
rotation of the motor to the wheels and varying the 
relative rates of rotation of the laterally opposite 
wheels, thereby enabling the vehicle to turn a cor- 
ner, the vehicle of this type inevitably requires use 
of power transmission devices such as a reduction 
gear and a differential gear (Japanese Utility Model 
Application Disclosure SHO 47(1 972)-1 8,010) and 
accessorial devices such as a drive shaft, etc. for 
interlocking tine power ti'ansmlsslon devices witii 
the wheels (Japanese Utility Model Application Ois* 
closure SHO 48(1973)-3a506). 

These power transmission devices and acces- 
sorial devices, however, entail not only an addition 
to the weight of the vehicle body but also a sacri- 
fice of the efficiency of power transmission and 
consequently has the possibility of Increasing the 
vehicle's energy comsumption and decreasing the 
vehicle's travelling distance between charglngs of 
its batteries (commonly called "range"). As Is wide- 
ly known particulariy in the case of the electric 
vehicle, the fact that said range Is short constitutes 
itself one major cause for preventing the electric 
vehicle from finding widespread acceptance. 

Recentiy. a vehicle using the direct-drive type 
motor wheels for the purpose of eliminating the 
aforementioned power transmission devices such 
as a reduction gear, a differential gear, and a drive 
shaft etc. thereby improving the efficiency of pow- 
er tmasmlssion and decreasing the weight of the 
vehicle body has been Introduced. These direct- 
drive type motor wheels, which directly transmit the 
motor torque to the wheels, fall under two types; 
those having the wheels mechanically interlocked 
with the motor (Japanese Utility Model Application 
Disclosure SHO 54(1979)-21.312 and U.S. Patent 
No. 3.937,293. for example) and those having mo- 
tors incorporated In the wheels (Japanese Patent 
Applteation Disclosure SHO 52 (1977)-22.214 and 
U.S. Patent No. 4,021.690. for example). 

The motor wheels of the former type having 
the wheels interiocked with the motor have the 



possibility of Increasing tt^e weight of the vehicle 
body and decreasing said range because they in- 
evitably enlarge the size of motor wheel in the axial 
direction and require ttiick solid rotary motor shafts 

5 to be provided ^s axles. The whole structure of the 
motor wheels gains in complexity because it inevi- 
tably incorporates therein mechanisms for support- 
ing the rotary shafts and power cables for supply of 
electricity to the motors. The motors are cooled 

10 only witin difficulty. Problems also arise as to the 
operational efficiency with which tiie motor wheels 
are assembled and the ease with which ttie motor 
wheels can be maintained and inspected. 

The motor wheels of the latter type having 

75 motors attached to the wheel discs pose problems 
similar to those of the fonner type because of 
inevitable use of thick solid rotary motor shafts as 
axles and consequent complication of tiie whole 
construction of motor wheels. They raise an addi- 

20 tional problem ti^t since tiie motors are disposed 
inside the wheels, the work of cooling to be per- 
fbmned on tiie motors Is liable to expose the motor 
interiors to dusty ambient air and degrade the 
durability of tiie motor wheels owing to the con- 

25 tamination by dust. 

The double driven axles type electric vehicle 
mentioned above has motors tiiereof disposed li> 
side the axles and has shafts of ttie motors Inter- 
locked with the axles by a chain or some gears. 

30 The batteries as a power source for tiie motors are 
mounted on the front and rear parts of the chassis 
of the vehicle. 

The control device for controlling the rotation of 
tiie motors is disposed in tiie front central part of 

05 tine chassles of the vehicle. This control device is 
adapted to receive a signal issued from a steering 
wheel, an accelerator pedal, or a brake pedal at tiie 
operator's discretion and, based on tills signal, 
control the travelling condition of th electric vehicle. 

40 In all the signals, the signal Issued from tiie 
accelerator pedal serves as tiie reference signal for 
the control device to compute the torque of the 
motor. The control device controls tiie electric cur- 
rent ftowing from the batteries to ttie motors in 

45 such a manner ttiat ttie motors will be caused to 
rotate wltii tiie torque computed in accordance with 
the reference signal. The motive power generated 
by tiie electric current controlled as descrit)ed 
above is transmitted via ttie reduction gear to ttie 

50 wheels and spent ttiere In driving the electric ve- 
hicle. 

In ttie electric vehicle of ttiis kind, ttie batteries 
are disposed separately In tiie front and rear parts 
of the electric vehicle in due consideration of bal- 
anced weight distribution. The control device, how- 
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ever, is disposed approximately in the central part 
of the electric vehicle. The central position selected 
for the location of the control device Is a necessary 
consequence of the consideration paid to effective 
use of space and to the ease with which the 
operator manipulates the control device for im- 
partation of a necessary operating signal. 

In the electric vehicle, since the motors as a 
drive source are attached to the rear wheels, the 
power lines (the lines for connecting the batteries 
to the control device and the control device to the 
motors) inevitably have long distances of distribu- 
tion. Further, since the power lines are thick copper 
wires, the total weight of the power lines is natu- 
rally heavy." 

The conventional electric vehicle, therefore, en- 
tails an increase in the weight of the vehicle body 
and a decrease in the range. The power lines 
suffer from drop of voltage and loss of power in 
transit Owing to the dmp of voltage and the heavy 
weight of power lines the electric vehicle inevitably 
experiences a decline in the capacity for accelera- 
tion. 

The inventors' diligent study directed to elimi- 
nation of the drawbacks inherent in the conven- 
tional electric vehicle as described atx)ve, speclii- 
cally to development of a motor both light and 
compact, capable of manifesting a large output, 
and suitable for an electric vehicle, has culminated 
In the development of an electric vehicle which 
enhances the merits of the direct-drive system. I.e. 
simplification of the power transmission mechanism 
and reduction in weight of the entire vehicle body 
and. at the same time, permits solution of tiie 
demerits of the system, i.e. undesirable enlarge- 
ment of the motor wheels In the axial direction and 
difficulty Involved in the assembly of the entire 
vehicle body. 

The first object of tills invention Is to provide 
an electric vehicle which is furnished with direct- 
drive and outer-rotor type motor wheels contribut- 
ing to the simplification of the power transmission 
mechanism and the reduction in weight of the 
entire vehicle body and fulfilling the dimensional 
reduction of motor wheels in the axial direction and 
the facilitation of the viork of assembly of the entire 
vehicle body. 

The second object of this invention is to pro- 
vide an electric vehicle which enables the motors 
for tiie motor wheels to be effectively cooled witfi 
ease. 

The tiiird object of tills Invention Is to provide 
an electric vehicle which has batteries for supply of 
electricity to the motor wheels and a control device 
for control of tiie motor wheels disposed at posi- 
tions fit for shortening the total distance of distribu- 
tion of power lines and decreasing the weight of 
ttie vehicle body. 



According to the present Invention there is pro- 
vided an electric vehicle having driven motor wheel 
assemblies, each motor wheel assembly compris- 
ing a knuckle, a hub mounted on the knuckle, a 

5 wheel disc rotatably mounted on the hub. a wheel 
fitted on the wheel disc, a motor rotor fastened to 
the side of the wheel disc remote from the knuckle 
and a motor stator fastened to tiie hub. opposite 
the rotor across a small gap. from the side of the 

10 wheel remote from the knuckle. 

The first object of tiiis Invention is attained by 
an electric vehicle provided with outer-rotor type 
motor wheels, characterised by having in each of 
the motor wheels a wheel disc rotatably fitted ar- 

75 ound a hub coaxially interiocked with a knuckle, a 
wheel attached to the periphery of the wheel disc, 
a rotor of motor fastened to the outer side of the 
wheel disc by being tightened witii bolts from out- 
side, and a stator opposed to the rotor across a 

20 narrow gap and fastened to tiie hub by being 
tightened with bolts from outside ttie wheel. 

This construction, owing to the adaption of tiie 
direct-drive system and tiie use of a hollow knuckle 
and a hollow hub respectively as an axle and a 

25 rotary shaft of motor, obviates ttie necessity of 
using such power transmission devices as a reduc- 
tion gear, a differential gear, and a drive shaft, 
simplifies tiie construction of axle, and fulfils de- 
sired reduction in weight and volume of the vehicle 

30 body. As tfie result, said range is increased. As 
concerns tiie assembly of motor wheels on tiie 
electric vehicle, since tiie rotor can be fastened to 
tiie wheel disc and tiie stator to the hub from 
outside the wheel by being tightened with bolts, ttie 

35 operator is enabled to perform necessary main- 
tenance and inspection easily on the vehicle from 
outside wittiout taking the trouble of crawling under 
the chassis. Since tiie component parts can be 
adapted so as to be assembled by being sequen- 

40 tially superposed one on top of another, the work of 
assembly Itself Is very easy. 

The second object of this invention Is attained 
by an electtic vehicle of the outer-rotor type motor 
wheels each provided witti a motor cooling device 

46 which comprises communicating paths formed of 
hollow interiors of the knuckle and hub, wltti tiie 
outer openings of the communicating paths pro- 
truding from the wheel, and an air cunrent regulat- 
ing cover attached to tiie outer end opening and 

50 furnished witii an air inlet serving tiie purpose of 
Introducing the ambient air into ttie communicating 
patiis. 

In ttiis construction, since tiie communicating 
paths formed Inside the knuckle and hub are utl- 
55 llzed for passage of tiie cooling air to be used for 
removal of heat from the motor, for example, tiie 
heat emitted from ttie cables and from ttie motor is 
quickly removed by tiie air flowing ttirough ttie 
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communicating paths. Since the cooling air can be 
smoothly introduced through the air inlet into the 
communicating paths, the motor cooling device en- 
joys an enhanced operational efficiency. When the 
air current regulating cover is elongated in the 
direction of travel so as to cover the outside of the 
motor wheel, the resistance of the motor wheel to 
the air can be decreased. 

The third object of this invention is attained by 
an electric vehicle having batteries for supply of 
electricity and a control device for controlling the 
motor wheel disposed in the proximity of each of 
the motor wheels and having the batteries and the 
control device connected to the motor wheels with 
power lines. 

In this construction, a useful space Is secured 
in the central part of the electric vehicle. Since the 
motor wheels and their control devices can be 
closely juxtaposed to each other, the total distance 
required for the distribution of power lines intercon- 
necting the motor wheels, the batteries, and the 
control devices can be reduced and the total 
weight of necessary power lines can be decreased. 
As the result, the decline of the capacity for accel- 
eration and the decrease of said range due to the 
loss of power during distrubution and the heavy 
weight of power lines can be curbed and the over- 
all efficiency of the electric vehicle can be Im* 
proved. 

The present invention can be put Into practice In 
various ways some embodiments of which will now 
be described by way of example with reference to 
the accompanying drawings in which: 

Rg. 1 is a cross section Illustrating schemati- 
cally one embodiment of the present invention; 

Rg. 2 is a cross section of the portion of a 
motor wheel in the embodiment of Rg. 1; 

Rg. 3 is a perspective view of the part of 
motor wheel In Rg. 2 in an exploded pattern; 

Rg. 4 Is a magnified cross section of part of 

Rg. 2; 

Rg. 5 is a perspective view of a suspension 
unit of tt^e same embodiment In an exploded pat- 
tern; 

Rg. 6 is a cross section of part of suspen- 
sion unit of tiie same embodiment; 

Rg. 7 Is a plan view Illustrating schematically 
the electric system In tiie same embodiment : 

Rg. 8 is a side view illustrating schematically 
the same embodiment; 

Rg. 9 is a cross section filustrating another 
embodiment of the present Invention ; 

Rg. 10 is a partially cutaway side view of 
Rg. 9; and 

Rg. 11 Is a cross section Illustrating still 
another embodiment of ttiis invention. 

In Rg. 1, the part of a motor wheel on the 



righthand side is illustrated schematically and tiie 
part of a motor wheel on tfie lefthand side illus- 
trated skeletally. 

This electric vehicle 1 has a simple so-called 

5 four-wheel steering (4WS) type construction in 
which ttie steering angle of the rear wheels is 
controlled in response to tiie travelling torque and 
tiie steering angle of the front wheels serving as 
steering wheels. Four motor wheels 3. symmetri- 

70 cally disposed longitudinally and laterally on a ve- 
hicle body 2 have a roughly similar construction. 

The motor wheels 3 are of the outer-rotor type 
having a wheel 10 (to t)e described fully later on) 
fitted to the periphery of a wheel disc 5 and a 

75 motor Mt fastened to ttie outer side of the wheel 
disc 5. This motor Mi rotates tiie wheel disc 5, a 
mechanism which Imparts ttie function of the 
direct-drive to the electric vehicle. 

The motor wheels 3 are each provided at tiie 

20 center ttiereof witti a loiuckle 6. attached through 
tiie medium of a suspension 7 to the vehicle body 
2 in such a manner as to be reciprocated vertically 
and able to adjust tiie steering angle. 

The knuckle 6 has a holtow structure as illus- 

25 trated in Fig. 2 and Is coaxially connected to a hub 
8 witii bolts 7a. To ttie periphery of ttiis hub 8. ttie 
wheel disc 5 is rotatably attached ttirough the me- 
dium of a bearing 9. The hub 8 concunrentiy serves 
as ttie rotary shaft of ttie motor Mi and an axle. 

30 The wheel 10 attached to the periphery of the 
wheel disc 5 comprises a rim 13. fastened witti hub 
bolts 1 1 and hub nuts 12, and a tire 4. 

To ttie outer peripheral part of ttie wheel disc 
5, a Mor 14 of ttie motor Mi and a cover 15 

35 covering ttie outer side of the motor Mi are jointty 
fastened from outside with a plurality of bolts 16. 
The rotor 14 is furttier attached to the wheel disc 5 
witti bolts 16a tightened outwardly from Inside as 
Illustrated in ttie tower part of Rg. 2. 

40 In ttils anrangement. since the cover 15 can be 
attached and detached* from ttie outer side, ttie 
ease wltti which ttie component parts are assem- 
bled and given necessary maintenance and inspec- 
tion can be improved. Since ttiis cover is tightened 

45 up botti Inwardly and outwardly witti tiie bolts 16 
and 16a. it Is secured strongly and not liable to 
come loose. 

The rotor 14 comprises an annular yoke 17 and 
a permanent magnet 18 of rare eartti metal, small 

50 In wall ttilckness and capable of generating a pow- 
erful magnetic field and fastened witii adhesive 
agent or bolts to ttie Inner wall surface of the yoke 
17. 

The permanent magnet 18 of rare earth metal 
55 not only possesses a large magnetic flux density 
but manifests a high crystal magnetic anisotropy at 
room temperature, ttierefore, manifests a large co- 
ercive force. For use with ttie motor, ttiis perma- 
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nent magnet can be formed compactly with a small 
wall thickness and enabled to produce a large 
output 

As compared with the ordinary permanent 
magnet of the ainico type or a fem'te type which 
possesses a coercive force approximately in the 
range of 50 to 270 kA/m. the permanent magnet of 
a rare earth oobalt type (RCoS), for example, pos- 
sesses a coercive force in the range of 680 to 800 
kA/'m. This comparison clearly evinces the effec- 
tiveness of the permanent magnet of rare earth 
metal mentioned above. 

The cover 15 Is made of a light metal such as 
aluminum alloy and, for the purpose of Improving 
the release of heat from the motor Mi , is provided 
on the Inner surface and the outer surface with 
external heat-radiating fins f i , f i . The central bore 
part of the cover is sealed against a dust seal 
member 24 described fully later on with a mechani- 
cal seal 20. 

A stator 21 opposed to the rotor 14 across a 
nan'ow gap G has the inner peripheral part of an 
armature core 22 encircled with a coil C fastened 
to a flange Ba of the hub 8 with bolts 23. Owing to 
this fastening, the dust seal member 24 and a 
torque ring 25 are jointly tightened additionally. 

As Is evident from Rg. 3, this torque ring 25 
has a semicross-section of the shape of an L An 
annular projection 25a has axially raised teeth. The 
teeth formed on the edge of the hub 8 are meshed 
with the teeth on the annular projection 25d. 

The coll C and a power line 27 Inserted 
through the Interior of the hub 8 are interconnected 
through the medium of a platelike terminal 26. This 
interconnection is accomplished by fastening a tu- 
bular connector by staking to the tenninal of the 
power line 27, inserting the connector 28 through a 
cable holder 29, and helically attaching a stud bolt 
30 to the teoninal of this connector 28 through the 
medium of the terminal 26 as Illustrated In detail in 
Rg. 4. 

To the inner terminal surface of the wheel disc 
5. a brake disc 31 Is attached with bolts as illus- 
trated in Fig. 2. This brake disc 31 is adapted to by 
braked by being nipped between a pair of disc 
pads 33 as illustrated In Fig. 3. The disc pads 33 
are adapted, as widely known, to be actuated with 
a pair of calipers (only a piston 34a and a cylinder 
body 34b of the calipers 34 are Illustrated fn the 
diagram). 

Inside the knuckle 6 and the hub .8 which 
rotatably support the wheel disc 5, relatively large 
communicating paths 36 are formed as Illustrated 
In Rgs. 2 and 3. These communicating paths 36 
are available fbr Insertion of the power line 27 for 
supply of electricity to the motor Mi and for pas- 
sage of cooling air to the motor. Since the large 
communication paths 36 are formed along the axis. 



the distribution of the power line 27 can be simpli- 
fied to a large extent Since the communicating 
paths 36 are capable of not only permitting inser- 
tion of the power line 27 but also generating flow of 

5 air, they are enabled to bring about an effect of 
cooling the motor Mi simply by causing the outer 
ends thereof to be left open. 

In the present embodiment the communicating 
paths 36 are provided with air cooling means K.for 

10 introducing the ambient air into the communicating 
paths 36 for the purpose of further enhancing the 
cooling effect of the spontaneous flow of aV. 

The air cooling means K are. as illustrated in 
Fig. 2. a cooling fan 60 disposed Inside the com- 

75 municating paths 36 and an airflow cun'ent regulat- 
ing cover 61 attached to the outer terminal opening 
of the communicating paths 36. 

The cooling fan 60 is an axial flow fan device 
adapted to be rotated by a small motor M2 so as to 

20 introduce the ambient air into the communicating 
paths 36. 

The cooling fan 60 is not required to be kept in 
operation while the vehicle is In motion. The de- 
sired cooling may be effected only by means of 

25 the cunrent regulating cover 61. The current regu- 
lating cover 61 is disposed so as to cover the 
central part of the motor wheel 3 substantially 
throughout the entire length thereof as illustrated In 
Rgs. 2 and 3. It is provided approximately in the 

30 central part thereof with an air inlet 62 and an air 
outlet 63. so as to admit the cooling air through the 
air inlet 62 as Indicated by the anrow In the dia- 
gram, lead it Into the communicating paths 36, and 
allow it to cool the motor Mi. 

35 Optionally, the cunrent regulating cover 61 may 
be directly attached to the cover 15 as with screws 
(not shown). Otherwise, it maybe fitted fast to the 
terminal parts of the communicating paths 36. 
The air outlet 63 may be provided with a 

40 current regulating fin 65 adapted to smoothen the 
flow of the incoming air. 

The current regulating cover 61 Is preferably 
attached directly to the motor wheel 3. This direct 
attachement obviates the necessity of forming a 

45 dead space used for preventing the collision other- 
wise suffered to occur between the motor wheel 3 
and the current regulating cover 61 when the motor 
wheel 3 is steered by rotating a steering wheel 48. 
It also precludes the use of a complicate link 

50 mechanism which would be required when the cur- 
rent regulating cover 61 was Independently ac- 
tuated. 

Brackets 38 and 39 project from the top and 
bottom of the knuckle 6 as illustrated in Rgs. 5 and 
65 6. To the brackets 38 and 39, an upper arm 40 and 
a lower arm 41 are swingably attached respectively 
through the medium of bail bearings 42a and 42b. 
The remaining ends of the upper arm 40 and the 
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lower arm 41 are rotatably attached to the vehicle 
body 2. A cushion absorber 43 is Interposed be- 
tween the lower arm 41 and the vehicle body 2. 

Rg. 7 and Rg. 8 are a schematic plan view 
and a schematic side view of the electric vehicle 
described above. As illustrated In these diagrams, 
the motor wheeis 3 of this electric vehicle 1 are of 
the direct-drive and outer-rotor type. Since this 
electric vehicle has no use for various accessorial 
devices including a reduction gear, the vehicle 
body 2 is automatically furnished with a fairly large 
empty space. 

Batteries 70 for supply of electricity to the 
motor wheels 3 are symmetrically disposed within 
this empty space in the front and rear parts of the 
vehicle body 2 on either side of a central axial line 
M. 

Owing to the empty space, the batteries can be 
each mounted symmetrically relative to the center 
lines m' of the front and rear axles of the vehicle 
body 2. Thus, the batteries are allowed to exert an 
equal load upon each of the Individual motor 
wheels 3. 

Control devices 52 for control of rotational 
speed of the motor wheels 3 are disposed at 
positions near the motor wheels 3 above the bat- 
teries 70 so that the distances for distribution of 
power lines 27A between the electrodes tenmi- 
nal and - temiinal) of the batteries 70 and the 
control devices 52 and those for distribution of 
power lines 27 between the control devices 52 to 
the motor wheels 3 will be minimized. The control 
devices 52 are disposed appositions selected for 
equal distribution of their load upon the motor 
wheeis 3 similarly to the batteries 70. 

To these control devices 52 Is connected a 
control signal inlet device 71 which is adapted to 
receive various control signals pertaining to the 
operation of the electric vehicle 1 such as. for 
example, control signals Indicating the steering an- 
gle of the steering wheel 48. the amount of depres- 
sion of the accelerator pedal or brake pedal, the 
traveling torque, the amount of charging of the 
batteries, and the amount of heat generated by the 
motor wheels. 

When the batteries 70 and the control devices 
52 are mounted at the selected positions as de- 
scribed above so as to minimize the distances 
necessary for distribution of the. power lines 27 
between the control devices 52 and the motor 
wheeis 3 and those for distribution of the power 
lines 27A between the batteries 70 and the control 
devices 52, exemplary numerical values of reduc- 
tions obtained In the distances and the weights are 
as follows. 

The comparison is made with reference to the 
power lines used in the conventional electric ve- 
hicle having batteries mounted in the raar part of 



the vehicle body 2 and the control devices 52 near 
the operator's seat 

Where an electric wire of 170 g/m Is used for 
the power lines 27 and 27A. the distance (m) of the 
5 electric wire saved in the electric vehicle of this 
invention Is computed as follows: 

2 (number of motors for the front wheels) X 3 
(number of phases of the same motors) X 2.5 (total 
10 distance saved between the batteries and the mo- 
tors) = 15 (m) 

The weight (g) of necessary electric wire saved is 
computed as follows: 

IS 

15X170 = 2550(g) 

When tiie control devices 52 are separately 
disposed as described above, control lines 72 are 

20 required to be laid out to interconnect the control 
signal inlet device 71 and the Individual control 
devices 52. Since a very thin electric wire can be 
used for the control lines 72, the total weight of the 
control lines 72 Is extremely small as compared 

25 with that of the power lines 27, 27A. Thus, the 
addition made by the control lines to the total 
weight of electric lines is very small. The total 
weight of the control lines 72. therefore, may well 
be regarded as viilualty equal to that in the con- 

30 ventional electric vehicle. 

It is widely held that the batteries constitute the 
largest factor governing the performance of the 
electric vehicle 1. Any deficiency in tiie quality of 
the batteries can be compensated by making nu- 

05 merous minor Improvements such as dellberatiy 
studying the shape of vehicle thereby to reduce the 
coefficient drag Cd. decreasing the weight of a 
vehicle, and lowering the power loss along the 
power lines from the batteries to the motors, for 

40 example. 

The technical idea of this invention which con- 
sists in decreasing the weight of power cab lines 
distributed for the power system by shortening the 
lengtii of electric wire required and decreasing the 

45 power k)ss In the power system by similarly shor- 
tening the length of electric wire required, tiiere- 
fore, amounts to one of effective measures for 
compensating the deficiency In the quality of bat- 
teries for the electric vehicle. 

50 Now. the operation of this Invention will be 
described below. 

The assembly of the motor wheel 3 Is started 
by attaching ti^e hub 8. the brake disc 31, and the 
wheel disc 5 to ttie knuckle 6. Then, the power 

55 lines 27 are connected to the coil C of the stator 21 
after the stator 21 is fastened to ttie hub 8 from 
outside by tightening the bolts 23. Rnally. the rotor 
14 Is attached to the wheel disc 5 from outside by 
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means of the bolts 16. In this case, the cover 15 Is 
secured in position at the same time. 

When the work of assembling the motor wheel 
3 is carried out as described above, the hub 8. the 
brake disc 31, the wheel disc 5. the stator 21. the 
rotor 14, etc. are only required to be attached by 
being sequentially superposed one on top of an- 
other. Thus, the assembly is accomplished by an 
efficient and simple procedure. It naturally follows 
that the wori< of maintenance and inspection resort- 
ing to disassembly can be fulfilled efficiently. 

When a starter switch (not shown) is tuned on, 
a fixed electric current flows from the batteries 71 
via the control devtees 52 to the power lines 27 
and then fonvarded through the power lines 27 past 
the connectors, stud bolts 30. and the terminals 26 
to the coil C. 

The rotor 14 is set rotating when the electric 
current flows across the magnetic field formed by 
the rare earth metal magnet 18 on the rotor side 
14. This rotation of the rotor 14 Is transmitted via 
the bolts 16 to the wheel disc 5 and enabled to set 
the wheels 10 rotating. 

Since the motor wheels 3 are adapted to con- 
stitute the direct-drive system In which the rotors 
14 are directly rotated by the stators 21. they can 
be operated as desired without requiring such pow- 
er transmission devices as a reduction gear, a 
differential gear, and a drive shaft. The parts of 
axles of the electric vehicle, therefore, are simple in 
construction. The obvialion of the power transmis- 
sion devices also contributes to decreasing the 
entire vehicle body 2 in weight and volume, in- 
creasing the electric vehicle's range and enhancing 
the ease with which the motor wheels 3 are assem- 
bled and given necessary maintenance and Inspec- 
tion. 

When the vehicle starts travelling, the ram 
pressure advances under the current regulating 
cover 61 and enters the communicating paths 36. 
As the result, the cooling of the motor wheels 3 can 
be effected all the more efficlenty. To be more 
spedflc, while the vehicle Is travelling, the ram 
pressure collides against the outer heat radiating 
fins fi to permit external cooling of the motors Mi 
themselves. Further, ram pressure enables the 
cooling air to flow through the air inlets 62 bored in 
the current regulating covers 61 and advance 
smoothly Into the communicating paths 36. Owing 
to this current of ttie cooling air, the motors Mt are 
fully cooled even to their cores. 

The heat emanating from the motors, etc. Is 
quickly removed, by the air which ftows through the 
communicating paths 36 formed Inside the knuck- 
les 6 and the hubs 8. 

Particulariy. the current regulating covers 61 
are extended In the direction of the vehicle's travel 
as covering ttie outer sides of the motor wheels 3, 



they serv an additional purpose of alleviating the 
air resistance offered by the motor wheels 3. 

While tiie vehicle Is paridng after travelling 
some distances, the motor Mi and tine power lines 

5 27 heated by Joulean heat are cooled by removing 
heat-dlrectiy by air introduced Into the commu- 
nicating paths 36 by tiie rotation of tiie cooling fans 
60 or indirectly ttirough tiie medium of the heat 
radiating fins fz. 

10 The present embodiment has been described 
as causing the cooling air to flow inside the com- 
municating paths 36. Where the cooling of tiie 
motors Ml forms the sole matter for consideration, 
the advance of the cooling air along tiie commu- 

75 nicating paths 36 is not always necessary. Option- 
ally In this case, the knuckles 8 may be provided in 
the interior ttiereof with a partitioning wall 64 adapt- 
ed to close the communicating paths 36. so ttiat 
the cooling air flowing in through the air inlets 62 

20 will be allowed to flow toward ttie air outiets 63 
Instead of being passed throughout the entire com- 
municating paths 36. In this arrangement, the flow 
of tile cooling air in the direction of ttie vehicle's 
travel will be smoothened and ttie resistance of- 

25 fered by ttie air to ttie vehicle's travel will be 
alleviated. 

In ttils case, inner heat radiating fins f2 of 
aluminum may be formed as projected Inwardly 
inside ttie communicating patiis 36. so tiiat ttiese 

30 inner heat radiating fins f2 will enhance ttie effi- 
ciency of cooling of ttie motors Mi. Optionally, 
ttiese inner heat radiating fins ii may be partially 
utilized for supporting tiie small motors M2 inside 
ttie communicating paths 36. 

35 The present invention may be embodied in the 
fomi of a muHI-axle type electric vehicle as illus- 
trated In Fig. 11. Specifically Illustrated In ttie dia- 
gram Is' a ttiree-axle type electric vehicle (ttuck or 
bus. for example ). 

40 As illustrated in the diagram, batteries 70 for 
supply of electric current to the motor wheels 3 are 
disposed, similarly to ttiose In ttie preceding em- 
bodiment, symmetrically relative to ttie central axial 
line M In ttie longitudinal direction of ttie vehicle 

45 body 2 so that ttielr weight will be evenly distrib- 
uted. Individually, ttiey are disposed symmetrically 
relative to ttie center lines m' of ttie relevant axles 
of the vehicle body 2. so ttiat ttie batteries 70 will 
exert equal load upon the motor shafts 3. 

50 The control devices 52 for control of ttie rota- 
tional torque of the motor wheels 3, etc. are dis- 
posed at positions above the batteries similarly to 
ttiose in ttie preceding embodiment, so ttiat ttie 
distances of distribution of ttie power lines 27A 

55 between the electrodes (+ terminals and - termi- 
nals) of the batteries 70 and ttie control devices 52 
and ttiose of the power lines 27 between ttie con- 
trol devices 52 and the motor wheels 3 will be 
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minimized. The control devices are mounted at 
positions selected for uniform distribution of the 
load exerted upon the motor wheels 3 similarly to 
the batteries. 

To the control devices 52 is connected the 
control signal input device 71 adapted to set sig- 
nals indicating various operations. Also in this case, 
when the batteries 70 and the control devices 52 
are mounted at such positions as described above, 
the total distance of distribution of the power lines 
27 between the control devices 52 and motor 
wheels 3 and that of the power lines 27A between 
the batteries 70 and the control devices 52 are 
both minimized. As regards the distribution of 
weight of the vehicle, since the batteries 70 and the 
control devices 52 which are extremely large In 
specific gravity are positioned on the center lines 
M of the axles, their total weight is stably distrib- 
uted. 

Since this invention contemplates designing 
the motor wheels so as to impart to the electric 
vehicle the functinons of the direct-drive and outer- 
rotor systems, the electric vehicle has no use for 
such power transmission devices as a reduction 
gear, a differential gear, and a drive shaft as de- 
scribed above. Thus, the present invention realizes 
the simplification In construction of the parts of 
axles and the reduction in weight and volume of 
the vehicle body, the Increase in said range, and 
enhances the ease with which the motor wheels 
are assembled and given necessary maintenance 
and Inspection. 

The communicating paths are formed Inside 
the knuckles and hubs to permit flow therethrough 
of the cooling air intended to remove heat from the 
motors. The heat emitted by the power lines in- 
serted through the communicating paths and by 
the motors themselves, therefore, can be quickly 
removed. Moreover, the distribution of power lines 
is optimised owing to the communicating paths. 
The current regulating covers are elongated in the 
direction of the vehicle's travel and consequentiy 
allowed to cover the outer sides of the motor 
wheels. Thus, tiiese covers serve tfie purpose of 
alleviating tine air resistance offered by tiie motor 
wheels during the vehicle's travel and obviate the 
necessity of providing a dead space exclusively for 
use by the covers themselves. The air inlets 
formed in tiie current regulating covers serve ttie 
purpose of smoothening the introduction of the 
cooling air. 

Further, tiie present invention Improves the dis- 
tribution of vehicle's weight and decreases the 
power loss along the power lines and reduces the 
total weight of power lines because the batteries for 
supply of electricity to the motor wheels and tiie 
control devices for control of the motor wheels are 
disposed in the proximity of the motor wheels so 



as to minimize the distances of distribution of pow- 
er lines for connection of the control devices and 
the motor wheels. As the result, the range of the 
electric vehicle can be enhanced further. 

5 

Claims 

1. An electric vehicle having driven motor 
70 wheel assemblies, each motor wheel assembly 

comprising a knuckle (6). a hub. (8) mounted on 
the knuckle, a wheel disc (5) rotatably mounted on 
the hub. a wheel (10) fitted on the wheel disc, a 
motor rotor (14) fastened to the side of the wheel 
T5 disc remote from the knuckle and a motor stator 
(21) fastened to the hub, opposite tiie rotor across 
a small gap (G). from the side of tfie wheel remote 
from the knuckle. 

2. A vehicle as claimed In claim 1. wherein a 
20 communication patii (36) is constituted by spaces 

inside tiie knuckle and the hub. the communication 
path having an outer opening on tiie side of the 
wheel remote from tiie knuckle, the opening being 
provided witii a current regulating cover (61) which 
25 has an air inlet adapted to Introduce ambient air 
into tiie communication patii. 

3. A vehicle as claimed in claim 2. wherein a 
motor cooling fan (60. ) is disposed inside the 
communication patii. 

30 4. A vehicle as claimed In claim 1. 2 or 3, 
* wherein a battery for tiie supply of electricity and 
control devices for controlling each motor wheel 
are disposed In the proximity of the wheels, the 
battery, tiie control devices and tiie motor wheels 

35 being interconnected witfi power lines (27, 27A). 

5. A vehicle as claimed in claim 4. wherein the 
batteries and the control devices are severally dis- 
posed symmetrically about a tongitudinally extend- 
ing central axial line of the vehicle. 

40 
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